A series of polythiophene derivatives bearing azobenzene moiety is synthesized in liquid crystal (LC) as a reaction medium. Infrared absorption, ultra violet-visible (UV-vis) absorption, fluorescence spectroscopies, and gel permeation chromatography for the polymers thus prepared are examined. LC temperature ranges of the reaction mixtures before and after polymerization are confirmed with differential scanning calorimetry (DSC) and visual inspection by using polarizing optical microscopy (POM) to achieve polymerization in the LC temperature range. The LC medium free polymers show nematic LC phase.
INTRODUCTION
Azobenzene are known as a photosensitive material. Many studies have been reported on synthesis of polymers bearing azobenzenes. Azobenzene in polymers functions as a photo-responsible part, which imbues changes throughout the optical properties of the entire polymer system [19].
Until now, many chiral conjugated polymers having chiral substituent from chiral monomers have been reported [1013] . We have developed preparations of chiroptical conjugated polymers from achiral monomers by using cholesteric liquid crystal (CLC) [1419].
In the present study, Migita-Kosuge-Stille type polycondensation reaction [20] for obtaining polythiophenes bearing azobenzene moiety as a bulky functional substituent in liquid crystal (LC) was carried out. We introduced alkyl chains as flexible spacer between the main-chain and the substituent for introduction of ample space and flexibility, although the azobenzene moiety was directly connected to the main-chain via ester in the previous study [17] . Herein, an introduction of an alkyl spacer allows photoisomerization of azobenzene moiety in the polymers.
Optical absorption and fluorescence spectroscopy measurements for the present polymer thus synthesized are performed to characterize optical properties. Electrospin resonance (ESR) measurements with in-situ vapor doping of iodine for the polymer is carried out to confirm generation of charge species along the π-conjugated main-chain.
Differential scanning calorimetry (DSC) of the LC reaction mixtures confirmed achievement of polymerization under suitable temperature range of the LC phase. After 24 h, the reaction mixture was allowed to cool to room temperature and a small amount of acetone was added. The reaction solution was subsequently poured into a large amount of acetone and washed for ca. 4 h. Then the stirring was stopped; the Therefore, the GPC measurements were performed for low-molecular mass fraction polymers only.
IR measurements of the polymers were performed to assign the chemical structure. 
Reaction mixture
Liquid crystallinity of the reaction mixtures before polymerization (before addition of catalyst) and after polymerization was examined with polarizing optical microscopy (POM) and DSC measurements.
The LC temperature range was evaluated with the DSC measurements ( Figure 1 ). In UV-vis optical absorption spectra these polymers show two major bands. These bands at short wavelengths are assignable to π-π* transition of the aromatic groups [17] . On the other hand, the absorption band at long wavelengths overlaps π-π* transition of the conjugated main-chain and n-π* transition of the azobenzene chromophores.
UV-vis and Photoluminescence

PA6T[(R)
-
PA6T[(R)-CLC] and PA10T[(R)-CLC] show photoluminescence in chloroform
solution at 552560 nm (Table 2) , whereas the polymers display no fluorescence in the form of cast film. This may be due to the fact that the polymers form aggregation in molecular level in the form of cast film, resulting the quench of photoluminescence. Table 2 .
Photoisomerization of Azobenzene Moiety
Photoresponsivity of the polymers was examined in chloroform solution upon 8
Iodine Doping
The polymers synthesized in this study consist of -conjugated main chains. The -conjugated system can be doped by electron acceptors [26] . Figure 5c ). This is a typical behavior of doping process with generation of polarons (radical cation) and bipolarons (dication) for conducting polymers [27] . The generation of polarons and bipolarons is illustrated in Figure 6 .
Generation of polarons along the main-chain increases spin concentration of the polymer in the light doping level (Phase I), resulting the increase of the ESR intensity.
Further doping produces bipolarons in the next phase (after 95 min doping, Phase II) [28] . The generation of bipolarons decreases spin concentration of the polymer, 
Liquid Crystallinity of Polymers
Liquid crystallinity of the LC medum free polymers synthesized in this study was 
CONCLUSIONS
We successfully synthesized a series of -conjugated polymers bearing bulky [a] Number-average molecular weight evaluated relative to a polystyrene (PS) standard.
[b] Molecular weight evaluated relative to PS standard.
[c]
Molecular weight distribution relative to PS standard. [d] Degree of polymerization relative to PS standard. 
